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(57) Abstract: 

PURPOSE: To provide a semiconductor device and its 
manufacturing method wherein the adhesion between an 
upper layer wiring where a bonding pad part is formed 
and a layer insulating film turning to the base of the 
upper layer wiring is excellent, and the contact 
resistance between the upper layer wiring and a lower 
layer wiring can be restrained to be low. 

CONSTITUTION: An upper layer wiring where a bonding 
pad part 156 us formed constitutes a structure wherein a 
titanium nitride film 141a, a titanium film 142, a 
titanium nitride film 141b and an aluminum alloy film 
143 are laminated on the upper surface of a layer 
insulating film 131. In a contact hole 136, a titanium 
silicide film 144, the titanium film 142, the titanium 
nitride film 141b and the aluminum alloy film 143 are 
laminated. 
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(54) [SWU0>£*M ^S*S»^±r/iE-raKiS^S 
(57) [£«]] 

Asiaa. mmmmmi 3 i±®-efctgfb^*>jsii 4 

la, ^^142, m<t?-*>mi 4 1 biJiVT 
;i^1^&IBIl 4 3#«Jf£ftfc«jg*>£>£!)> n>** 
b?Ll 3 6*tt*'*>S'V-V-4 KM 144, *-*>Btl 
4 2, gfb^^>JKl 4 1 b££tf7;i^1?i3:$Sl 4 3 
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K8 M4W>VJW* 



1 

iimtKT»iMiJica-r*«f«HL*^-r*JBia«ii«i 

$& l ©gfb?-* >fflt*J;V^^ >Bt**WSi 2 ©SMb*- 10 

g m&ft*r u flataaajHLTttR^^ >j»*«t w»* 2 

* u < l±^* >Bt*s J: 

tFK!8 2 ©afli*-* J: VRT-O'^ *^IHKftiUJ&: 

i:, 20 

HuiHaa^Mmt: »«■ h tin mm±mmu c ai-r swo 
(btzzz-t ztm t m&m 1 tB«©*«f*i£ 

Bo 

i«»{b«fe»^-raxgfc, 30 
BuiB'> u 3 >s«* «t OTffi£TWEiMftfl5Jiin»fi8 

BlftffMU SUWMM§Kfta3m©iHb**>ttft 

BrSfefflfllJ9r©llfflB* 1 ©3<b^*>K:feJ:tffliraaSM« 
ttBtft««:ny?->i''UT, fflETBffilSJIKji-rStt 

£iBfc >mtm 2 ©gfb^* >JKfc ft/RWBriK U 

z t>iz±Miz'j>te < tbTfrKm&mm&Bf&Tz^m. 40 

*e>CBEW«©fiBf©flai3»2©ffl{b?-*>M, 
mifB^* >K*J itfitufSfg 1 ©Sfb^* >M*|iS*i y 

^scaBHSMKftJBjaiu Ar£©fflffi©K&iSftMK 

ft 31 y ^ >^ b t suiB_h®i5«nt3 jg-r -5 n pas ft »a*-r 

^'J3>S^©SBt3lJR6<)t-7^-;W 50 
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2 

KKfbitfcjBja-raisfc, 

'J>fc < t ti-€©±iStfS/7 «tW 1 ®*b 2 £ft 

^ftJI*4£bfc> r 5XvCVD&£«fc 0M?tl5® 

4b5'y3>tt#&tt*JBraift*«tfts ±Bft»ja-j-ax 
fit* 

ffiHB«innaaBt©±isfta«r5x ?c £ sam-rax 
^©fimoBufBgra*6iS^©^^^>^ftfi : *cv\ hu 

±Bfc?-*>«tfc»b^*>Mfcftrc*#fifcU 
£iBC'j>£ < 4: t»77t/S Jf&Mtt&Mf&t Sigh, 
»f*©fllBf©'i>*<i:t»«nE7';u5»^aiJK, MIBgYb 

>mi$*. wj>tt < « ana*-* >«tftie*i > 

ftiy^>^uTfl9ffi±JiEisica-rsiBPfflft»j«r 
3 xg t ft 5 z: t ft#M t -r 5 *M«fcBsB©»ii# 

HBMbiKft«a«-raxiii:, 

a>& < j: ifflias' u =1 ^siRaacTBEHSJiftj&ja-r 

'J>&< fct»*©±H*«S'5i/JR3lf^*J:U t l»fb2ajR 

{bs/U3>m*»&ft:«jii«ttaHKftx ^H^ffM-rsx 

m^©fflflff©HuiBJiM^)^©^>v^>^ft : ff^v>, su 
aaTJiffi»ica-r«sas5JLftjB<aE-r«xgtx 

^®{c^^»itMb^^>iS[hft«i*:ffMb, ^yaa 

ftff^oxgi:, 

^iBi:'J>4< i:t)7;^^«»Mtaxgfc, 
Bf^©ffl3f©'J>& < i: t) mUBT^^ sulBSfb 

^bT±SEi^ftffMt-Sx®t, 

±at«a«anftff^b, ^©fam©»affl«SM 
*x5>f>jriT WE±JBE«t ai-r 4 5B P* ft 

-5 xg ft #-T S c i: ft^gR + Z> ^^g©^iig^ 

[*9i©BIBI*:KW] 
[0 0 0 1] 

[0*±©jpJffl»»] *»93tt*«»iS«*5J:W*ffl» 

S±JM«4:*©«ja*4SCH-rs. 
[0 0 0 2] 

[^*©tt'#] s/y3>a«K:»ia*nfc¥»»«Ea 



3 

Ji©<fr (£©4^©T£EiMtt]lt;1KJI©A&6& 
5) , t>U<tt«f*fcTJMBiSfcC.fc»> (£©«^© 

tt> '>3fe<J:t)±JBiaBfcTJii5l»i:*«il*-r5n>* 

»i**>ftfc*©Hi*i»«i oo/zmneflE«o***©a» 

^aa*^* >^tttcj;$*ft*ft©fl»»y- Kfflfc 

[ooo3] *«»««0jfisJi«<b*^ia-i-4fc«>t:, 
m«JJiiaa«©iiM;W'j***iT^s. cnt#4 

v\ 3>**>?L©*s»fc:*^-ruu JbJBBRkTJBE 

*Sg£©[au:^U7)I#i8tt£ft-ti'>3o zti&, ±Jf 

£ia±s*afc«K ffiHuft&jnBtfc u < tiffin 
£&jk£&ik2: 5 m^mmt<Dmmm^ «t t> auks 

-rs±8effiHu&&JMK« u < ttffiMii^&ja^iit2:<ott 
* a £ s £ ©aj#©±ji sia^ji niBfgjK* e. wn s 

tts f»H¥3- 1 2 7 8 4 3 9&«CHK*SnT^S. 
[0 0 0 4] *#^a©»f®0T*feSE9*#^t-5 
±aB2^tt3Btt©¥«fl&B©«ISfclU «T©i 

K»b«t4 o 2#BM*e>*vr^6. zvyj-^Fmih 
JS4 o 2 &B3 JBRSIBftJiKtt, ^ -;u HttfbJBtftdtfiE 
CS-5BPSG14 3 UTE0S^bI4 3 3tOi 

V»*. 3©±@IEi^H;s TEOS»fbll!t4 3 3±iBC« 
»KU»Mrr«*{b*-*>W4 4 1 fc7;KI4 4 3 fc© 
£©±JlBES§ll±*tBi«gIgl4 5 1 £3 
13*1, &9fiaUft4 5 1 £»tt&n&771/Stt4 4 3C 
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4 

V^-f >^$|ffl83i&SBf©tf V^-Y • KS4 5 6 

fcs JilB«IMKffl±JiaJ»*TEOS»fbR4 3 3C-r 

3di:tcj;»K g^b^ »^4 4 1 hUM^Hi:©^ 
»ttttS5 H»LTV»S. 
[0 0 0 5] 

w- e»nfeTBE«JBca-ra 3 * h?L©jss5K*so 

5fc«iS©JJIlMrcfcJU Sftif-* >JDt©JHfV^»&Jcit 
^T, n>** MLS^bTSf»*ii4i©±Jiffi«i: 
TJH2SiSJlh©:3>** MSlft#2tfiililfWS<fc*. 

[0006] h«ia©±#fcw*.a;5ri£i:b 

^*>lfcfe<fctf:™/**^It)&»e>8:.5 3 »©*JIIBt£ 

ixTV^S- £©3H«®«jg£^£±JiEJirt^ Jf 

©JSfflJCifet^ ±JM2««llja-j-S*-* >H*> L < tt 
(^^>fcTJiSilllW**J«t-S*«{M(Bftfc©) 

>^n*sT«ffi)ia« i: iaa c g»r 4 * jg c a o t * 

30 i:^5* s d©«t-5^3S«g«jt&^«±M 

e^t-j±s 5tca»^fc±iiiai^©^>7 ; ^ >v • ^» k 

[0007] *^s^#e>{is ±iB3ji«i««ji*^« 
±sia^r-©^>7 I -Y ></ • m» Ha^^-f 
*tt«-r*w©±*iaa0Jii«ttiiiKP6iyn4*-r< 

*SJPH©^^^1<., 1 9 9 3^#^, ®4 OlfllfB 
ffl^S^H^^S*, n«?«Jfl, ^6 7 1H (tt 
SIS^-2 9p-Z Y- 3) C*Sl^T*gbfe. 

40 [ 0 0 0 8 ] z. z. t\ m&ftinmnomfeumtM 1 l 

^^^>y<>, SJS2011. 4^?>H©afi* (5S«B<]^ 
>K§iaDifl») Ctt-^fc. JBK*eaM{^ *©3ffl^ 
A ; TEOS£Jj5m©lofcLfc«ECVD}£ 
(LPCVDg) CiSBPSGl, B ; TEOSSI 
«®loi:Lfe77XvCVDfliKJ;5BftJ/i;3> 
M, *Jit^C ; S'^fttf^^tflBfbZ&Httf;** 
B»tbfc^5XvCVDiSCJ;4R{bS/y3>K. * 

50 £LTl§e>aT,fcI£#4£ttLTs ±|B*ttlC J;5*JJl«4 
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^fcttShTS fc, A:B:C = 7. 1%:0. 7 % : 
0. 0%fcH5«JRfc»fc. £©*in»£*HU 

#5 3 eW±©fiS"eifentf*ffl±lHUl«iv^kv^'5«*ft 

ff-C^&o 

[0 0 0 9] £;fc##gHJ§:g ±fB£r§l 

&«©«itffl±jiE«*«B p s Gm<D±m£mmizmi 
fitt9 0g6i±»»)» fiffl±F^@#&^h^ -5 

[0 0 10] ^ig#:SBCD»fH0T-$)S01 0 ft#HR-j- 
±E»£©X*5y*-7 l Xh«Jfcfli^fcK*4©« 

lftfflfctt^-f-^KttfbKs o 2#»f*e>*v c©? 

-f HKfbJR 5 0 2 fcfclSIJPfa 6 0 0 nm©JfMKttllK 
5 3 IK J:i>«*)nTV»S. £ ©■HIMMItOU ±i£© 

So A ; TEOSSIftCDlofcbfcLPCVDiiCt 
-5BPSGJH, B ; TE O S £JS*4© 1 oi: bfc:/5X 

if J: v l Mb 2 ii*-^ & Bftfc: ifc^xvcv 

Difci 3g?<b~> U 3 >mo ±Ett&©&£H& J&Jft bfe 
^HtlfWJa, 6 5 0'C, 3 08MZ>ai&!IMa8! (Ra 
pid Theral AnnealingjRTA) 

*ftte\,\ x-p^vT-TXh&ftte^rco ±eji rases 

K©ffl»fcJ:S*Jft&^fiftJU!M-3£:x A : B : C 
= 40. Og: 50. 2g: 63. 8 ghV^MUhft 

[0011] ±E*3t©K*4©^* >M5 4 2 
IMB5'3 lfcOJUHftXiajIfia^^ac (X-ray 
Electron Spectroscopy ;XP . 
S) Ci&JSJ&rSils Sfb*-*> (TiOx (X=2 
-a) ) AMSmSEU £©TiOx ©1#HSD©#£> 

his (cps) tfjgHngwns 3 lcwt^tsh 

V^-5e*#»e»nfc. TiOx <DXPSWLk.X*5y 

1 lft#JH-r5tx ^>J«5 4 2kJilBl»HJBI53 1 

fc©JSW£»/*£ilfcT iOx ©»#'J>&^&^;*^ 

[0 0 12] #3PJ!©@6<J(ix >^ • FSB 

*^J«;**i*±JMStt£: CfflJJiiai©T*i:&3Jilffl 

«6iSPi:©^»«A s fi< , *-o-©±i!BHiS§i:THffii^ 
Hfc©a>** h«fit* s «<Wx.5Ci:* s qIt6^«jg© 

¥#f*is« ±mmu<Dim,m&tmmmmm<D 

»«*££©«£*) k-€©»JS*i£*«tt-r*cJ:C 
[0 0 13] 
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mm k aiRft tc »«■ h titz ? << k m<tm & # -r s 

©Slffl«liBt±ia*ia»K:«-5*l©a<b^>«*J: 

10 ±I3S$E?LT*fct;i©3 L * >jgtfc<fctf£©!fS 2©g<b^* 
>fflt*s «fc tfd © 5. ffi&l»Bt& 'J>& < i: * tiA,* & -5 
MMI£, ^^>^»*«tVi©SB2fflaYb^*>K 
* <fc if £ ©t;u 5. l^^® K * < t 6 & 5 ffJB 
Jgji, *U<tt^*>^Bt:fe.fclF£©*-*>JiMiiJ:V 
£ (Dm 2 oaf b^ * >JK* iVifflT^i ft dU 

K<£^/v-(:tjiz>mmM&itii?z±mm(ik£, ±e 

ffi, *}J:Vci0HlP»K:j;t)fimbfc^©±JM!«»* 

±®#, 5/y3>fcfb^-&LT^£V>ajR*£#*-5 
SfbS'U:3>iW»e>fca. 

[0015] *%i8©*«ft$EB©£i&£&i©£ 1 ©^ 

ftffM-T Silt, 'J>^ < fe±fB-> U 3 >gfeR*iB t 
±IBTSBaW*«^.JBm«IM)t*J&J«b, CffllHi 

««*«-5tii©a<bW>«*^-rsxai:, 

30 ©f@m©±83m 1 ©^b^^ >JK&-J: V±8BJBNI6Sflt 

ftffM-TSXgi:, ^Htc^^>JK^^2©^b^^> 

aK*»j«rs±et^ m^©<iflir©'>^< fct»±E7' 
;i/$**««t*x.y^->yu *e>Kii©Bf^fflfiiBf© 

±E» 2 ©Sfll^ >J», ±E^^>JK*5 e tU c ±IB^l 
©afbf-^>Ktli»jiy^>ybT±«E»ft»i*f 

40 p»s»jEar«xgfcfe#-rs« 

[0016] *mm*m&%im<DMmxfe<Dm2<Dmi 

ft juaat-r a ig , < * ±e s/ u 3 >m&mm c 

5>*i!fX*5J:Vl»fb2a*3tfX*fi»tU&r5X 
v C V D ^ C J: t) ^ * ti 5 ttfb U =1 6 ft -5 B 
IBIfi»Kft±liit:^«-rsxSi:, ±E«HIM«llt©± 

is*a*^ , 5xvcj:t)«a!-rsxgfc, m^©<S3f© 

±EJBIB«««©3iy^>f*fTav^, ±ETJWE«WB 

50 c*r*»ttftfc»j«-r«ifik, ±nizn>>m£m 
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7 

*±B7 , ;u5*^BIJ«, ±i3^b?-*>J8l:fc«fcVJ>&< . 

c ©atffl«ssi£ ^ * y v u t ±tB±iigai^ c it-r 5 
[0017] *ftw<D*mfr%iw<DMmj3m<Dm3<Dn 

7 >^**^*3ctt>* 1 &fb 2 SlSttfc: bfcX^X 

v c v Disc i ti »jsa*ns»b'> «J =i e. & 
xv'i>te<£t>±m^*>m*M}kx-y?>yLx±m 20 

[0 0 18] 

■ [hkm] ate* *&,wiz-z>^Tmm*^Mi.Tm.wT 
[0019] *mfcmu<Dmm3iU(Dmmmx-&?>mi 

[0 0 2 0] PS>> U =3 >£K 1 0 1 30 

n+ s^tui 1 0 3miMf&i<ti&. **aswt* 
wsTJiEiMitts n+ sffiiuBi ossfHfts.^ 

Sit:iff^JIWPCDBPSOK*»ifl«, U7D-*tu 3© 

BPSGK#6fc5SM«IUKl 3 lJW&»3ftS. - 
©JIMlKlilt 1 3 1 ©JjjclK&fcfc, ^KTE O S SJBitt 
©loi:UfcLPCVDi£T-$>-5o S&tt^y* U > 
yt<t!), 4Bf:I10gfbf^> (TiN) m-C'&z 
mz.i£mm5 0 nmgJK©gfb?-* >]§| 1 4 1 a WW* 
*-n*. &»©7*h'jyy77-ffti, RIE 40 

SflJ^T, N+ SffiiWl 1 0 31? 

^a-rSSi^?L-t-fe5n>^^ h7Ll 3 6tmtiL£tiZ 
CHI (a) } o JBHMfiOK^bTtts BPSG 

fb^'J nvit, Sfb^'J => >Kfc6^tt£fte>©«Mt 

[0021] x>w*u>^, fc^vs/sttx^ 

f^'J^Ci!), £Bfc«AtfMJP3 Onmgfi©? 

(Ti) II 4 2i:> ®2©gfb?-*>§|-r*fc30iJ 
* liJK* 1 0 0 n mgfCDgftfi' >ffl| 1 4 1 b t jM* 50 
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i^l&tCi£«2*l£o Bri£S]|E*©£&fb*yiJ&» 
fr&fcfU HL1 3 6©j£ffiC:i3lvCs 

7-*>S/»J"!M KI1 4 4^©^-^>^m* J ffM^n 
5 tmi (b) D . i©k*s h?Ll"3 6C*$ 

^>K14 2 ©BWfc £©^<Mtt«©*Wk fctt#-T. 
5, 

[0 0 2 2] £©-&£<b*iatt=il'** bffilrC£ 

£!>{Btt-r«fe£>©6©?&!K ^Jx.«7;i/^«^JS^ 
fr&aSTJiKiB^aEiW^ £©-&&<MDi3lttfTtt*. 
fcv*. 3©££C«s ^H^?n-5±)iiBM©7jc^# 
fflMt©^^^ • 7D^II©»f3^^ hffiin;©ig 
®S0-53©H>S:5o 3 ©tiffed:, CfflT;u<. -7D 

-rji!ig!fiDg»rctK hli 3 6©jga5t«^^ 

[00 2 3]*^ ±®CI»j£KJ*©7;i'$£&Btl 4 
3#*t**'*l5, 3©T;i/^^-^[l 4 3tt7^5»ft 

<D7» 5 1 4 3 £® 5 * >^X:r t U ^ 

«, R I E^ffl^T, ±K77l/$6&ft 14 3,, S<b^ 
^ >K 1 4 1 b , ^>I142, >M 1 4 1 

7XvcvDiSCj;*»fb'>';3>*jaftffil, ftfbSft 

^'J3>JR, *>b<tt£ftiS/»j=i>JBt, fe-5VM±3tl?) 
©««iKA»e>«:5*IiIi5HMtl-5 l*»lt**ns. 

#H^,T'©7;i/i -TP-ffflaittx 3©*®«aiKi 5 

i©j5KJK©mi4)b<tt^tfT&t»nso 

H«an i 5 i ©msosiJfl-ctijjBEttfcarr* 1 o 

tctit:«t!3^mbfc±eEi^fc*5.^5*>7 ; 'f 

• v k« 15 6 ^aanwc^aw**** 1 

CHI (c) 3 o 

[0024] ±aa* i ©^^Jt-tt. ±Jiffiii©-siJ& 
fc/a-rastfbs/ u=i>iki 4 1 a*, prasg^ni 3 1 

©±ffl{3ifi^t:jgft4bTUSo z.<Dtztbs ±m%m<DX 
>^«t*s«-rs»t:, ±sej^* s ®k^iki 3 i*» 

>>'j3>il4 1 att, ±8B!iKl2:SinttllRi:©tf« 

1 #bp sGjm*>e>ifes*&Tft>, (Hu«Ebfc«to(c) 

X » 7 VM-* h C*W5SBft«*KfftI«H: 9 0 g&L± 
h&o £tzs ^yf? h?Ll 3 6C*l>T, TJlEae 

r-fe5N+ mmm 1 o 3 tii^tjg^s±jiffi^© 
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>mr-$)^m<t-> ua^iuibtt, uiiM©±fc 

fctHSSufc&Jlffilt. b < ttiffiHj^&BI^IRft t;^ s 
[0 0 2 5] ±8316 1 ©HSfSflWi, *BiM*^-r«* 

best- in 2 ±ib« i <Dmmm<D$>m 

[0 0 2 6] y J -;u FRfbfit 1 0 2 , N+ 1 
0 3 TfcPSS'Urii'StR 1 0 ltt, OKb^ 

U3>JK*»63&:5»ifflBBHftaBll 1 llz£*)mt>ti 

t^s. ^ojiiaMflnii i ictt, n+ siEfcsi o 

©ny** hJLl 1 6£^bTs JfMMIURl 1 1±C 

IStt^ftfeTJf Km 2 1 fcfc, N+ SffiEWf 1 0 3^?C 

gassnt^s. ^©TJiissai 2 ni, mt&ea 

S12 1 Sd&feJM&KlilBt 1 1 1 ©±®fcfc> B P S G 
K**>&3g2©AIHttlMKl 3 lH-fc^afrftT^ 
■So JMMBftlK 1 3 ICtt, TJBEIS1 2 l^st-ran 

?L1 3 6a£tf-bT\ ±JfSa«HiT^Ba^ 1 2 ltcfiEM 
SftT^a. JBISIftRKl 3 6 a±Hfc:j3ttSC©±JB 
■»©££& afb^* >114 1a, >£U 4 
2, s*b^*>Ki 4 i b#J:rF7 , ;i/$-&&iti 4 3*S 

#«JB3nfc«iiTai. 3>** h?Ll 3 6 afc;fctt 

«C©±BEI»©«Jitt, f*>64il47, 

Kl 4 2, S{b*-*>«tl 4 1 btoZTFTJUZttmi 

[0 0 2 7] *»W©S"J©IUfi0l®ttWfc56«^Tv * 
fSW#6t:J:il»SE©l 9 9 3^#?, %4 0l§lffiJ!4fe 
a3*Blftjg-£ri88S3?T?©fR£ £ ±£ fc. b fc *©&©aHi 

[0 0 2 8] ±83^ST-(i> A ; T E 0 S £H*4© 1 o 
t bfeLPCVD^tliSBP SGm, B;TEOS£ 

'JK, *S«fctrc ; S/9>3Ri!f^*J:rJfl»fb2asR^* 
11*4 K b fc ^5 X v C V D $ C «t 6 R4b U 3 >K© 3 
aaoJBHUftSKi:^^ >Mfc©#B©T i Ox fcSfB 
b£ 0 01 1 fciftbfclfiJRtt, ^TRTA^Or-^t 

^B#iDa©ti^#-«T'<±&*»^fco Tttt>*>, mm 
nmmifi a&zvb ©»^t i±rt A^omti^ma 
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fitttt'J>U JiH«lilBl36 t C©»^ffl*RTA«©iWn 
«-HttTiOi tttft«#, C©di:*»e>*>ffeK:)^ 

[0 0 2 9] XPSCiik, JlP^)gKA J A4o«ttJ f B 
©a^fcttBWfcaatfcfrffibfc^fl 1 , JUBIJgHRtfC 
A»€.3a:S»^t:ttBl*Ka3R*«#ffi-rs. RTA 

sj«'c©xpsicj:«a'fbS' , ;=i> (TiN) 

10 Mt©tfcffi JlBMfi»J!ll*«A*J;WB©a^C 

&t iN££Trsi!i©£fc:fi©gfbtt&^£&v>* s , » 
©M^^fiCJfjnbTv^. mm&mm&A% 

J:tFB©»£C** JBMIMMfc^*>Kfc©JMaiE« 

>Bi±ffic^j«*n&©afti?-^ yjHcissvtv 

[0 0 3 0] J£lTCKWrs*»9i©S!l©IUfi«0:s Z 
20 t*< t)©T*fe5o 

[0031] #m(mw<Dmmxm<Dmwzibi>®a 

[0 0 3 2] $r, Pl'/'Ja 2 0 1 £9£tt3 

iRWt«^g|ffl©7 * ~JV HftfbBt 2 0 2 

fflBPSGI«t, ';7P-£tl, ^©BPSGJK* 

e>fteTJi©JBnieiiK2 1 1 jwejasixs. 3 6fc-> 

5>3Rif^4: lRfls2ajR (N 2 0) ^k*JH»Kb 
30 tSS# 3 5 0 'CffltfO 7*7 Xv C V D St: i •) , ± 

12 3 2 (g^#{COV^T{±> ^ifi-TS) A J lt*^n 

So ttv*T\ 5 0 owsK©y<7-, m.mmm%x-v>7 
^z-vwm&mzn. ±mmm^m^> u n >m 2 3 

2 a® Jeff* 1 0-2 0nmgflE©asR^5XvjD!?|Ji 
2 3 3WBj«ar*iS C03 (a) D . 
[0 0 3 3] Hr*©ffl»©±ffia*^ , 7XviO« 
12 3 3, a*^#»fb5/U3>Bl2 3 2*iV»n» 

iI2 1 ^->^*n, N+ Sffift^2 0 3 

40 CltS3>^^ h?L2 3 6#ffM£ft5o i^V^T> X 

Bfc3rJSBW©*-*>IH2 4 2fc, (iiS*J:bT^2© 
S<b^-^>«lfc&5) !9rSKJ?©afb^-^>JK2 4 1 b 

12 3 3 ^©^BtrttMff* 5 2 0 nmm'&wmit?-? > 
m2 4 1 c#ffM£*x3 C0 3 (b) D « ^©S^b^^ 
>I2 4 1 c©#ffitt, (idT?©KWtt*«'r6**) 
XPS£«fc!)1&iE;*ft'ri, , >3o «JtJ:^-5»Slt: 

50 ito^e.K, z.<Dm<b?-t>>m2 4 1 c* 5 ^!©^^ 
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[0034] m^x. ixvmKDmmmtwm^ ±m 

mutt u < &Mm&&m-&&m*±mzmm u-r & «t 
v>. ±ib/'>'u^^M2 4 3, m<bm>m2 4 

lb, >J@£ 2 4 2 , m\tf-9 >WL2 4 1 c #Jlg&:x 

>y^>y^n, zn6©*jfi&a>e>&53rs©ff2i*£=fr 

li, d ©Slffl^il 2 5 1 ©fi&BlGDftfifc u < tmcfT& 

t»nso i^t> z©ai®#s«S2 5 icDms©ge^t 
ii±jfiE*S£st-r.5 1 o o p.m.nn&(DX^^<Dmnm 

tm&Sti* £©Hn»fc£ftC.fc!>8Mbfc±JM«l 

immm<»*mmiwi*nt>i\h 033 (c) 3 . 
[0035] ±mm2<Dmmm<Dm3 (t>) owm-cn 

x^y^x b{c*5(tS9Jn^BtinStt6 3. 8 g 

[0 0 3 6] ±«*2©^Wc;fett«feJlte#»fls3' 

U3>12 3 2<DW.£l5n<Dlr—V ^m^frftfe (Au 
ger Electron Spectroscop 
y ; AE S) iz <fc 5il?^5r^-ry5 4 £ 

[0037] jaat«»T?©£©ssR^WRfb->'j 
<a) } • ajR^Hfinfc^^xviEa^jKsn 

SjR^MWhS/ 'J3>R2 3 2 T-J±s &H£ 1 0 ~ 2 0 
7XvfflI12 3 3) jWfcfiRSntO* C04 

(b) } o cc-cttia^ufti^ xpsaa^cj:* 

^ Kfb->'J3>I2 3 2*^#ffi-T5^©S^©^ 
(S i3 N 4 ) ©a5R©*S-&:t*fl' : * : -i:Sfc5«Stf 

-rv^v^^^^ac#^a^> r vXv5!Laji2 3 3 

gfb^#>jBi2 4 1 c^fM^nstctitai^ns., 
«t**»w#e»©swc*sfc, g<b-> =j yjgtfc b < 

©•^©HLfflCttaib^-^^iBittjejsRsnttv^ fato 
•6, s/un^t^wce'&bfcajntwbTa:, <b^ 

-5 Z. £ bt O 3 „ 

[oo3 8] ±ta®2©^ffi^j^, %rwm&Mir%* 
sh 5 ±.mw,2<Dnifm<D$>mw&~-<D 
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SUBMIT J£lT©J:5C*lfiR*nTV^5. 
[0 0 3 9] V 4 -;i/HKfbJR2 0 2, N+ §yffi«Jl 2 
0 3^?#aS;tt?)TfePS'> , J3>S«2 0 lit, BPS 
GJg|#e>fc£!gl©Jira*&*iffi|2 1 rfc:J:t>at>*lT^ 
5o ZfflJflB&«i]g|2 1 l±fcttTHK«2 2 2*»»ft 
£ftT^5o Z©THE«I2 2 2«, T;i<S*&JMt, 

AflWiVIM KflWa»&&3. Z©TgBB)^2 2 2&t 

tbramffl*mm2 1 i©±a{±, i^m^u^y 

10 IR 2 3 2 Cfc DflManr^S. £©S*£rfmMbJ' »J n 

>Bi2 3 2sra£t±, asur^xvaraji 233 jwbj* 
[0040] z.<Dm2<Dnmm<Dmmm~c&. ±mmm 

fcT«iE«ISh©^?L* J 2M«ifc5o ^©loliny 

^^b?L2 3 6atfe!3^ zn&mmy? z^aimm 2 

3 3, ajR^*BMb^U=i>K2 3 2£J:ZFAIBffilllfll 
2 1 1 ilIUTN+ SaftttJI2 0 3lCjil/tO5 0 S'J 
©lol±3>^^h?L23 7ffe!), dtlii^r^X 

viase 233 * j;rj«sjite*r»fbS' >j n >« 2 3 2 * 

20 Kab-CTJ1EIS2 2 2C»LT^S. oMn^i' 
h?L 2 3 6 a , 237 K.UU f9T/£©ift£©5ItRJj£:ft^* 
(WR2 4 6#8M*6hT^S. C©Sftj£«aMtttK2 

4 6li N mZ-ltTfrz., *?yV7,T>mi?t>tl.Z> 0 Z© 
S^JMMteJSU 4 6©tt!)fc> 
J:5*«flllt^n63^i' h?L2 3 6 a, 2 3 7ft 
fcffMbT£ot^. 3*:75Xv4ttaJi2 3 3±®C* 
tt5Z©iJ!El&l©SijIfct, ±ia^2©HSE«?!li:|Hl« 
■C, S<b^^>J12 4 1 c, f^>12 4 2, mt?-* 

>m2 4 i b*j«ttj f T;u^^M2 4 3m&mm$titz 

30 So StRfig««»i*M 2 4 6 ±® t*lt Si© 

±JiEilil©«a*.ra«K:, f^>12 4 2, SYbf-* > 
12 4 1 bi'i^7;i/5^12 4 3^*s*a^nt« 

[0041] ±mm i ©«j£fi»j©igffl^jT-tt, ^jiBa^ 

Sggffl LX >m 1 4 1 a*s#St§tS)> n 
>^<> h?L5BfiKbfc^znC314f?fiK*ffi*)b<l±^7 

^©fc^6^ ±Jf ffiS§l£:«TJf ©TJlElfi8 (N+ ffiftS 1 

0 3) i:fte88csf«-rs»«?L©aa!Be»*&.*iTV'» 

40 fc„ Z.(Dtztb, ^©«t-5ft««lE©fc4&fflcfi*®iltt** 
tj:t><D£ti-DT^fzo CfltJt^Ts ±I3^2©|£6S^J 
©iiffl^JT'Ji, 3>^b?L2 3 6a, 2 3 7ftC®tR 
M$1W2 4 e^MtS-fctfSIt-^S'i: 
±JiSBiiS|i:aTJl©TSiaMS (N+ J£«cS2 
0 3) fcfei£«K:fiBR-rs*«nj|BK«:S. Z© 
®ffl0 f |J{i^ #JBK»©»fflK:iBbT©SNKBjffliS#B«f 
©ii^fctlHliKSfu ^i*SS©?S»b, 
bT«i»T^i:'5:So 

[0 0 4 2] *«fl&B©S£:i^©KjSia-?fe*BI6 

50 &#it5i:, *&W®m 3 ©USS^Jtts WT©ioC 
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[0 0 4 3] Sf, PSS/'J3>M3 0 lSlBtcfctS 

tR&}£m?frmm<Dy -< vmm 3 o 2 

tU N+ Slfii&jf 3 0 3&Bf$.2tlZo i/^y^HXii 
lift2gi^tSMtL,t/7X7CVDat:i 

±m^m^mm<Dmm^mib^ >; n >n 3 3 2 # 

K3 3 2#3Ly^>^£tu N+ S&f&Jl 3 0 3 izm? 

K»©7-*>JK3 4 2i:* (&m£{s-C%2<Dm<hm 
mzmm$tlZ> C06 (a) } . ttEfc^OfifliTUU ± 

tags 2 ©hm^j ji t) , c <Dmmx'<Dmm^m<t^ u 

3>I3 3 2 £?-*»8&3 4 2 £©#BC:fc^Ts £fb 

ft^U3>13 3 2©M^©^^HtlSc#-rat)©i:© 
t)fiSo Sfc. £©HWe©**5y^*hfc:ftB-* 

«in«^WfinaH: 50. 6g garc & s . 
[0044] mmmm^, 6 5o°c, 3 0#©r 20 

TAASfT^tlSo £ftfc«fc!K (=J>*^HL3 3 6© 

13 4 2 tClffliCfcfc, ^#3 0 nmffi'&omib?* 
>J83 4 1 c (P*fflfcJu ASffM^tlSo (fit 

jg^5ii;&£:&-o&£>(£) £©^{b^*>§t3 4 l c ■ 
#mi©^b^*>Mfc&£,, Sfcx 3>**h?L33 

6je«Jt:*wsN+ susfcgaosh^^yjKs 42^ 

©#BfcHU ^^V^Uit-f HM3 4 4 ft 4 

C06 (b) } - 

[0045] ffi^x, ±mm 1 , sb 2 <Dmm\h mm. 30 

±SjCBf®Wil©7;U5^«t3 4 3#i£Si£ft 
So dfeCBWCjtSUT, ^®7;i'5^S3 4 3*S 
5 AHuft&fflNfe b <.ttffiHu£&8£&IK*±iiiC:J§*t 

bT*<t^o ±myjvs.^m3 4 3, gfb^* 

>I3 4 lb, ^*>M3 4 2, gfb^*>Jg|3 4 1 c 
ftHlKS 5 l#±t«£ft5o xK^#pmT-©7;U^ • 7 

a>f jaaitt, z.a>mm®mm3 5 1 ©^©stit) b < a 

^K^TfrtoftSo «5lr^ d©SS«^M3 5 l©BfS 40 
©gB^-titt±Jlffi^tc^-r5 1 0 O/zmngfi©^:^^ 
©WP»A9&rt**u ^©MPgi5i:Cti{3J:5^mbfc 

±jnftgha>e>fc3tf>7V y#-jw HSP3 5 6*^ 

(c) } o 

[0 0 4 6] ±83f5 3 ©^J6^J©EI 6(b) ©ISffg-e© 

*«©»Jfcer«t*«±B« 2 ©$JK0!l©8£#&.fc 

-5 ±8B!g2©fl5S0J©{ii<fc»)*£ 
<, 63. 8 gT-feSo i©m*)±B3® l©3!J£0>J©{tt 50 
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<fc»)/Jx£V^ HfflfttH^SffiSr^bT^So 

Xs mm^mitis u =i >m 3 3 2 b£&, ±83 
^2©n^ji:iB]«uc, mmmm^X'CD^^^'iBM^ 

[0 0 4 7] XP SCiSg^CDx^M- • b 

*«t*WSH6 (b) T*©fiS!PgT'©gfb?-*>IB&3 4 
1 cCffM^B^^^tC^So J^J 3 6 7 eV0M^x^;b 
¥-**t5SiO#ffili« S{b^^>©#ffi^B^^- 
&o £©{fi©tr— ^«2-c>£#gt£ft-cv>.5„ io©tr 
-*tt> fet*i:#ffi-r5SYb^^>113 4 l b©£- 

^T'SS. ffe© lOfflhf— ^C^ffitt, f^>12 4 2 

fcSittiHb^'Jn>i3 3 2fc*ffcfcSMb*-*>llt 

3 4 1 c#ff£j&2ftfcc:h£^tiEbTO£o mm 
^Miti/ y n >M3 3 2 t£©iffr 3 9 9 e V©i^^^ 

^rbfcg^T-^±^V^„ 

[0 0 4 8] ±IB!g3ffl|llSE0!lfcs ^JiBBftfl-TS* 

a®T-$>sni8&#^-rst^ ±mm3(Dmm.m<D&m 
mmAJommmtt* »iT©j;5c«j**nTv>4. 

[0 0 4 9] 7 PRfcJK3 0 2 , N+ 3 

0 3^*s|9:(t6TfcPM^'j3>aS3 0 l(i, BPS 
GM*»?,J5:S^ 1 ©JMMfiliJK3 Ilia t)at>tlTO 
So ^©JgHlfi8Jlit3 .1 l±Ctt, THIHi^3 2 1 #ff2 
fi)c^nTV^?,. ^©Til@BiS3 2 1 (±, »>'J3> 

i«flw*»e>&3. ^©TJMaas 2 1 
^^tofe«pa*e^M3 1 i©±n«i. si*d*»{hs/y 

3>13 3 2£J; t)St)tlTV>So 
[0 0 5 0] ilffl»3©lllte^J©jifflfi?iJ^t.> ±gffim 
£TJ!E^h©g^?L* s 2fflgi;fc3 0 ^©lottn> 
^^b?L3 3 6affe!), iinttsajR$*Kfbi''J 3> 
II 3 3'2£J:tfJ||!gi&lilK3 1 l*Milb"CN+ SlSiic 
Ji3 0 3C1LTU5, S"J©lo«3>^^ h?L3 3 7 

cntts*£#»b3'';=i>i«3 3 2*n«u 

TTJBE813 2 ltaibTl^S. Ctl?>=»>^^h?L3 

3 6 a, 3 3 7Clt »r£©A$©a^A«««Mlt3 

4 6*S|S(j-?>nTV^So CI©a^JAe«*{«K2 4 6 

u\ maai^yif^r>, tusas/y a 

3 ©j»Uft5«*<Hlt 3. 4 6 ©« 5 1 , ^^yhffi 
*Ci4«t«Bft^n&3i'** ^3 3 6a, 3 3 

7rtfcu&*uc* .tv. a«^#»<b^';3>iii3 3 2 
±iaic**»si©±jBiai©«jatt» ±8b^3©hse^j 

i:[SHt{C, »b^>«3 4 1 c, f^>i34 2, £ 
ibrt>>m3 4 1 b«J:tf7;i/^^JR3 4 3^#«J1 
Ziitzmmx&Zo :WWlR*«iM(t3 4 6±iiit:*»t 

Si©±Jii!llfflfllJgtt, f^>-^13 4 7, 5^^> 
13 4 2, atfb*-*>§l3 4 1 b*J:V7^5^IBt3 
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[oo5i] ±Mm3<Dmmm(ommm%±f&^2(Dm 
&mm< b t m l xmtbx mmx & s «> 

[0 0 5 2] 

[&BJ!©3!jS] W±SWIb&J:5C**ra©»fflfcJ: 

o±jiE«fflT%fca«JBiHtt«ai:©««tt* | ai< a 

5, £©±JlIJifgi:T/lE)i!lJli:©=i>** hffi 
[0B©fS^?5:i5iB^] 

[0 1 ] *ftW<Dm 10HSSCT©lSjgxg©»f®EIT-^ 
s. 

[ia 2 ] ±bjb 1 (Dmmm<Dmmm<Dmmmxst>?>o 
im 3 ] *^b^®^ 2(DnMm<DWLm3.u®mmmx-sb 

5. 

[04] ±IB^2©flM#j£i&Bj§?-£,fcto©0T';&!K 
[05] ±IB^2©HJE0'J©jafflWI©»fffl0T-feSo 

[ia 6 ] *^bj©^ 3 <Dmmm<DMmz.m<Dmmmx& 

[07] ±HBfg3©2?M#J£lBB£T3fc&©0T*&'K 

xp sic zzmmcDx.*)^— • h;^^©^-? 

[08] ±HB»3©iajfi^J©iafflfi?iJ©BfiB0-t-fe5o 

[09] tt*©^4M4&B®*riBI97?&£. 
[010] fi£*©8U©^#ttig«©®r®0-C-fc£o 
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[011] t£#©¥^fc8B©F^S;££l&Bj3r£fcto© 
0T*feSo 

101, 20i, 3oi, 501 p^^un>a« 

102, 202, 302, 402, 502 7 -i —JV 

\*m<m 

103,203,303 N+ S&ifStJl 

111, 131, 211, 311, 531 juasea 

K 

10 116, 136, 136a, 236, 236a, 23 
7, 3 3 6, 3 3 6 a, 3 3 7 n>#^h?L 
1 2 1, 2 2 2, 3 2 1 TMMU 
141a, 141b, 241b, 241c, 341b, 

34ic, 441, 541b mit^-^ym 

142, 242, 342, 542 ?-*>|gl 

143, 243, 343 T)l$.-£&m 
14 4, 3 44 T-pyisW-f 

1 4 7, 3 4 7 >-&&m 

151, 251," 351, 451 JtB&Sflg 
Z0 156, 256, 356, 456 >^ • 

2 3 2, 3 3 2 gJH^^bi' V 3 >JJg 

233 mmy^z^wmm 

2 4 6, 3 4 6 IWfiitftI 
4 0 1 

4 3 1 BPS GH 
4 3 3 TEOSftfbBt 

4 4 3 
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